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By E. Norman Silvers and Kenneth P. Spreemaan 

A n  experbnentd  fnvestigation of mious   ex temal -s tore  cmftgu- 
ratidns on a model of a ta i l less   a i rplane with a sweptback wing ovor 
a Mach  nuniber range from 0.40 t o  0.91 m a  made in t h e  Iangley hi&- 
speed 7- by 1 M o o t  tunnel. - 

The results  indicate that xhqytip and fueelage+nounted stores 
suspended on a swept pylon member that locates  the exbesllal store away 
from adjacent p r t s  of the model resulted fn the most faporable conibi- 
nation of drag-break W h  m e r  and drag at farce break and also the 
highest lift-&ag ratios.  The 3m-ges-b effect of externa l  etores cm the 
aeroaynamic-center location below force  break W&B a forward ehif't of 
2.5 percent. Except for %he pylanaspended tip-mounted e d e r n a l  store 
which produced a change in the effective dFhe&al paxameter that was 
approximatelg equa l  t o  a n  8O reduction in d i h e e d ,  the effect of stores 
on the   l a te ra l   s tab i l i ty  of the   t es t  model was mall. The effectiveness 
of the elevon was increased  caneiderably by the  addition of a t i p   s to re  
centrally mounted on the wing. 

The attacbment of a u x i l i m  eqpipnent t o  the exkerior of high-speed 
air-glanes has introduced  the problem of interference between these 
objects and supporting m e r e  of the airplane. The first consideration 
in the  desiga of an ext;ernal+!tore installation  ha^ bean the drag pro- 
duced by the fnstallart;ion, and, in the case of highrspeed airplanes, 
the associated  compressibility @enamenan. B order t o  provide the 
d.esi@er wlth some in fomat ian  relative to the  highepeed  interference 
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effects of external  stores, an investigation of a TuLlziber of external- 

f o r  Aeronautics. The remits of the  studies  pertaining to the munting 
of stores on unswept wfnga axe presented in references' 1 t o  4. 

. store  configuratim was underttiken by the I f a t i d  Adviaorg Carmnittee 

Presented in t h i s  paper are drag studies,   langitudlnd  stabil i ty 
and control  chmacteri-dics, and la teral   s tabi l i ty   chmacter is t ics  of 
eeveral  extemal-atore  co4piguratima on a model of a tailless sweptbacki 
KLng airplane. Two general locations of stores were choeen for t h i s  
investigation: at t h e   t i p   o f t h e  wing an13 on the f'uselage in the  plane 
of symmstry. For pm-posee of discussfan,  the  installatians axe can- 
sidered as either -tip or Rzeelage+nounted canfiguraticm. 

Analysis Of the results has been made by a campmison of the data 
obtained with the storee in place with those obtained an t h e  basic model. 
EtTaluation of t he  chmacteristics of the basic model has been reported 
previouely a n d .  i s  ppesented in reference 5. 

The system of axes employed, together with an indication of the 
positive  force&, mcments, and anglee, fs presented in figure 1. Perti- 
nent symbols and coefficients ueed Fn t h i s  paper are defined as follows: 

CL lift coefficiant (~tft/qs) 

9 free-fltream dynamic pressure, pounds per square 
foo t  (PVq2)  

S w i n g  mea, 3.174 square feet  on model 
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chord, parallel t o  plane of Bgmmetrg, fee t  

WFng spas, 3.09 fee t  on model 

velocity of free-stream air, feet  per second 

speed of sound., fee t  per second 

absolute viscosity, pormds"eecands per sqUa3.e foot 

=SEI density of air, slugs per cubfc foot 

acceleration due t o  gravity,  feet per second2 

angle of attack,  degrees 

angle of attack of model under nc+load cmditicms, degrees 

control  deflection, meamred ~n plane p m e l  t o  plane of 
syrmnetry as the angle the chord line of cmt ro l  makes 
w i t h  fuselage reference  line, degrees - 

angle of center  1lne of extern s t o r e  with respect t o  plana 
of eymmetw, positive *en nose of d o r e  i e  outboard of 
t r a i l i ng  edge of store, degrees 

angle of yaw, degrees 

l i f m a g  ratio (a/cD> 
wing loading (weight/s) 

Uach number for dimrgence of drag coefficient (see fig: 2) 

drag coefficient at divergence Mach m e r  (see fig. 2) 
I 
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Note: A Indicates an Fncrament taken between data of the basic 
model asd that of the model with stores in Dlace. 

M O D B S  AmD APPARATUS 

The -tests were conducted in  the Langley high-speed 7- by lGfoot  
tunnel, which is  a close&-throat-rectangular  tunnel of the retm-flow 
ty-pe with a .cQntractioli r a t io  of 15.7 t o  1. 

The Bting mpport s y s t e m  which was used t o  mspend the model in the 
tunnel consisted of a horizontal member that exbende'd from the rear of 
the f'uselage t o  a vertfcal  member that  was located downstream of the 
test  section. These struts were attached t o  the  tunnel balance system 
and shielded from the air flow by streamline fairings. 

! 

I 

Basic Model - 

The test model m a  a model of a tailless, jet-propelled,  Tighter 
airplane  with a wing of 35' sweepback and aspect  ratio of 3.01. The 
physical  characteristics of the sol id-deel  model with typical ex te rpa l  
stores Fn test locationrs are presented In figure. 3, and photographs of r ' 

the model  mounted on the st- s ~ p p o r t  s t ru ts  used for   this   bvest igat ion 
are  presented. in figure 4. For that portion of the  analysis f o r  which 
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~ U U - S G ~ J . ~ .  airplane dimensions were required, a model s c d e  of 0.08 was 
assumed. The control  surfaces, which are plain  flaps w i t h  sealed gaps, 
are  termed elevons and Bse intended t o  be used for both longitudhml 
and later&  control. €kidders were n o t  sfmulated on the model. No 
rest r ic t ion was placed on the air  flow through the  jet-intake  ducts t o  
permit a cmpmison with the results obtained 011 the  basic model 
[reference 5 ) .  One of the intake  ducts,  together  with it.s reflection 
on the f ~ s e h g e ,  can be seen in figure 4(a). 

Erternal Stores 

As previously  noted,  the ex te rna l  stores used in this investigation 
were mounted in two general locations: at the t i p  of each wing, tip 
mounted configuratians, and in the plane of symmstry, fuselage-mounted con- 
figurations. A drawing of the  ti-pnounted  stores  tested is presented in 

r figure 5(a) ana t h e  mselage-mounted stores in figure ~ ( I I ) .  The ori- 
ti-unted externa3. etore was located f o m d  of the wiqs t i p  in a plane 
parallel   . to  the plane of  sgmmetry of the model. Modif i ca t i ans   t o   t h i s  - 

conf,iguration included moving the store rearward on t h e  wing t ip ,  skewing 
the store in the. reazwazd locatim, and providing a fairing f o r  the 
juncture of rearwaxd-located, skewed,  ti^ s tore .  The body of revolution 
used in this  investigation w a s  an NACA 64414 profile  (table I) w i t h  an 
assumed volumetric  displacement  equivalent to approxlmately 200 e o n e  
based OTL an assumed scale of 0 . a .  The pylon+uspension meaers were. 
NACA 661-016 sections  (table I) perpendicular t o  the le-g edge. 

The exbernal-ftore  configuratians whose body mafbers were nqt bodies. 
of revolution were designed t o  have " e c a l e  volumetric  displacement 
of approxlmately  twice  the value of the body of revolution, that ie, 
about 400 -ana. 

i 
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Corrections 
I 

The test results have been corrected f o r  all the t e e  forces and 
moments produced by the  support q s t e m .  The method by which the  Eting 
ta res  were determined i a  explained in detai l  in reference 5. There are 
smal l  a d d i t l a  correctians t o  t h e   p i t c h i n w m n t  and roli-t 
coefffcients that were determined subsequent t o  the completion of the 
present  investigation and have not been incorprated in the data. . 1 
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These corrections, which are inherent in the balance system, can be 
made t o  the  data of %his paper by the following f o m a s :  

The jet-lboundary corrections  to  the l i f t  aml drag were 
the method of reference 6. The jet"boundw  corrections t o  
ponents were considered negligible. 

computed by 
other car+ 

The drag  coeff.icients have bean corrected f o r  the buoyance  produced 
by the RmR.7.1 longitudinal  static-preeeure  gradient in the  tunnel. All 
coefficients and Mach numbers were corrected f o r  blocking' by the model 
and i t a  wake by the method of reference 7. 

. 

The investigat'ion was made over a Mach number m e  from 0.40 
to O;9l. Aerodynamic characteristics in pitch were measured over an 
angle-of-attack range from Oo t o  60. EZfect of a symmstrical deflection 
of the  control  surface for the cnmplete model was  detemined for t w o  
configuratiana of tipmounted  stores (pylon-suspended and centra-  
t i p ,  88 = loo, faked)  throughout the  e&Le-of;ettack range. Control 
deflections  investigated were f4.4'. Aerodynamio cha&acteristics  in 
yaw were measured with  the model ccanplete (fins on) and with t h e  wing- 
fuselage combWation ( f i n s  o f f )  at-approxima.tely ~ 4 '  angle ~f y a w  
and 00 and 6 O  s t a t i c  angles of attack. Data were also obtained f o r  
aome e x t e r n a d t o r e   c o ~ i g u r a t ~ o m  at So angles of yaw. 

The variation of t e s t  Reynolds number wlth Mach number for average 
t e s t   c ~ d i t i o n s  is presented in figure 6. The size  of the model uaed 
In the  preseht  Fnvmtigation  resulted In a tunnel choking Mach number 
of-about 0.94. Experience has  indicated that with t h i s  palue of choking 
Mach number, the data can be considered reliable up t o  a Mach nlzmber of 
about 0.91. I 

V 
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Presented Fn table II is  a summation of the  high-peed drag 
characteristics of the t e s t  model with tip and fiselage-mounted external- 
store  configuratians. The method used t o  obtain the pameters is illu6- 
trated in figure 2. 

. 

Table IlI is  a summa~y of the  effects of the  various extemznal-etore 
configurations on the 1ateral”stability parameters of tlie  basic model. 
The .values presented In table III were taken as representative of the 
effects produced by each extemd-tore  configuration below f o r c e r e a k  
Mach nu?nEer. when the variation of a parameter i s  sufficiently large so 
as to  invalidate a single representative  value, a mean value is presented 
and designated as such. 

DISCUSSION 

Same resul ts  of a previous  investigation  (reference 3)  of the basic 
model without ex te raa l  stores are presented in t h i s  paper f o r  caparative 
pur-posee. . These results me superimposed on the aerodynamic charactez- 
istics ‘ i n  pitch of t h e  model w i t h  various exte&+t.ore configuratim 
ELnd m e  presented sepacrately for the aerodynamic charac-beristics in yaw. 

Llft-Drag Ratios 

Mounting exbe- stores a t  the wing t ipa  hae proven t o  be deeirable 
(reference 8) on airplanes w l t h  uzvwept wings because of the favorable 
end-plate effects on t h e  lift-drag ra t ios  and the mild effects of junc- 
ture hterference on the lift-drag  ratio. The resul ts  of the present 
investigation  indicate that tip-mounted stores m e  equally effective on 
a model with a meptback wfng at low Mach numbers, but that &-plate 
effectiveness appears t o  be lwgely dektroyed by junctqi’e interference 
at the higher Mach numbers. Thie is i l lustrated in figure 9 where it is 
men that the m x i m k  lift-drag r a t io  of the tipmounted  stores is e q w l  
to or greater than that of the basic model at M = 0.40, but at M = 0.80 
the  highest maximum lift-drag r a t io  for a tipmounted  store was about 
11.5 percentlower than that of t h e  basic model. 

Mach number, in general,  has less influence on f’uselage-mouated 
stores than on tfpuounted  stores. The lazgest  reduction in maximum 
lift-drag r a t io  is of the order of 10 percent at M = 0.40 and 15 per- 
cent a+ M = 0.80. A s  mi&% be  expected f’rm consiheration of inter- 

fuselage by  swept pylon-kuspension members gave the  highest lifodrag 
ra t ios .  The fuselage+ao~&ed configuration (pylon-euspended, overhead) 

. ference, the ex te rna l  stores  located away f r o m  the wing t i p  and the 



gave t he  largest v a u e  of (L/D)- a t   t he  hi&r Mach numbers. This 
may be at t r ibuted  to   the lower local  velocit ies over the fuselage than 
over the wing at a given  free-stream Mach number. 

Drag Chaxacteristics 

Drag studies of the model w i t h  vasioua e x t e d  stores &ow that, 
in addition t o  the stron influence of  Mach number on the drag coef- 
f ic ient  as reflected in TLb)-,  ewes in lift coefficient have an 
appreciable  effect on the drag c k a c t e r i s t i c e  of tiplnounted  stores 
(fig.  9 ) .  The forward t i p  store increased the b a g  of t h e  basic model 
only about 8 percent at CL = 0, but at CL = 0.3 and a Mach number 
of 0.80 the fomaxd t ip   s to re  was reaponaible f o r  a 2Wercent  Increase 
in drag. The modificatians t o  this canfiguration included moving t h e  
$tore rearward on the wing tip  (central-tip  store),  toeing it 
out (6, = loo),  and fa i r ing  the ,tor- juncture (8, = loo,  faired) ; 
each modification was effective  in.reducing the drag at the higher lift 
coefficients. The lowest drag was obtained w i t h  the central--tip 
store, E,.= loo,  faired. 

The drag  contribution o f . t h i s  configuration was approximately one- 
half that of the  ,origiaal f w . t i p  store up t o  a Mach nuniber of 0.80 
and mounted t o  an Increase i n  t o t a l  drag of t h e  nodel- of about ll per- 
cent at CL = 0.3 and M = 0.8. However, the lowest drag coefficient 
measured on a tipmaunted  store m a  with the py1on”euspended configma- 
tim. An increaae of basic model drag of less than 9 percent was noted 
for this configuration at OL, = 0.3 and M = 0.8. 

The drag of fuselagmunted  canfiguratime, although higher than 
t h e  drag of the tiplnounted stores a t  the lower Mach nunibera, remained 
virtually constant t o  the f orce4reak Mach nunibera. The effect of lift 
coefficient on d r a g  was m c h l e e a  pronounced f o r  fuselage+ammted cm- 
figurations than f o r  tiplnounted  configura$ions. 

The lowest drag  Coefficients f o r  each locaticm of  extemml. stores 
at GL = 0.3 were generally obtained with swept pglon-auepended con- 
f iguratians, and at the  higher Mach numbers the fuselage. mounted con- 
figuration (pylm-mspended, overhead) gaye cmsiderably lower drag , 

coefficients than the  tip+munted  configuration. A t  a Mach number 
of 0.80 the drag contribution of the  fuselage+munted  store on a swept 

’ pylon m a  about 4.5 percept- of the  drag of the basic model. 

- 
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Buffeting 

To evaluate  the  performance of &11 external-store  installation,  it 
is of formst importance  to  consider  the  Mach  number  at  which  the  drag 
coefficient  of  the  model  divergee with the external store in place. The. 
significance of this  Mach  number ha8 previously  been  established (refer- 
ence 3) a8  the &peed a-b Ghich  buffeting of the  airplane  and  its cqonent 
pasts may seriously Fmpair  its  cambat usefulness. A well-designed 
ext;erPal"etore  configurul.tion may be considered  as one that  does  not lower 
the  dra&-divergence  Mach number of t h e  basic model. 

l[lhe.method  used to establiah  the d r e b r e a k  Mach  number in this 
investigation is presented in figme 2. This  method  establishes 
as  the %ch number where a l ine  45O from the  horizontal becomes tas- 
gent to the drwoefficient c m e  when C$ is  presented for a scale 
of 0.01 per Inch and, M is  presented  at 0.1 per  inch. Thus the drag- 

break Mach  number PE assumed to  be  that  corresponding to 5 = 0.10. 
m 

* 
The most  satisfactory cdblnatims of and ma; that  is,  the I 

highest  Mach  number for drag  divergence  with lowest valuea of drag . 
coefficient  at  drag-divergence  Mach  number,  were  obtained  with  the .exter- 
nal stores  suspended from swept pylon members. (See table n.) The 
fuselage-mounted  configuration  gave  the  least  reduction in (0.042) 
and, with one exceptim, t h e  Bmalleet  increase in ' ma (0.0035) of any 
ceiguratian teated. 

I 

Lif t 4 u r v - e  Slopes 

Tipmounted stores  increase  the  lift-curve  slope,  with  the  largest 
increases  being  produced 'by the  pylon-mspended  configuration (fig. 9 ) .  
The -creams range from, 10 percent  at M = 0.40 to a maximum of 
about 15 percent at M = 0.83. The lift-curve  slope was relatively 
unaffected  by  the  fiselage+munted e x t e r n a l  etoree, the maximum change 
being l ess  than, 4 percent. 

I 

Langitudinal  Stability  Characteristfca 

Aerodynamic  center.- The rate of change of pitching+mment  coeffi- 
cient with lift coefficient  at a con8tan-t;  Paach  number kL is a maeure 
of  the  aerodynamic-conter  location  relative  to the  aommd cente-f- 
gravity  positfan in percent of the mean aerodynaulic chord. The effect 
of ex te rna l  store8 on the aerodynam_tc~ntor. loc&tion is  presented in - Y 
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figure 9.  It is  seen that tipmounted  stores, fn general, exert a mal3 
stabilizing  influence. Below a Mach nuniber of 0.80 the maximum increase 
of; s tabi l i ty  amounts t o  a rearwa3.d movemsnt of the aer-c center 
of 2.5 percent mean aerodynamic chord. It may be noted that t h e  forward 
t i p  store produces a mLll forward movement of the aerodynamic center 
(about 1.5 percent mean aerotlymmic chord). 

The effects of f u s e ” f x +  extern stores axe less caneistent 
in that both ,stabil izing and. destabilizing changes in % me shown. 

However, the maximum change in the aerodynamic-center location is 
generally less than 2.5 percent below M = 0.80. Above a Mach  nuniber 
of 0.80 a remward mo-vemnt of the aerodgnamic center o r  .stabilizing 
trend is  generally produced by both t ip and Azselage+mmbd exteraal  
stores. 

Control  effectivenw6.- The control”effectivenese pa,ram.eter C q e  
as a function of Mach  number is presented in fiwe ll f o r  the  basic 
model and f o r  t w o  kip+nomted exterpal stores:  the pglon-swpended asd 
the central-tip  store, 6, = 100, faired. The greateet  increasee in 
effectiveness caused by the  end;plate  action of t i p  stores w e r e  given by , 

the  central-tip  store  faired at 6, = 10’. For t h i s  conflguratian an 

where %e 

average  increase of 12 percent was  noticed t o  a Mach &ber of 0.80 

w a s  22 percent more than the basic model. 

Fncreased sh~,~pW; reaching  a mR.alrm.lm at : M = 0.85 where it 

An investigaticm of the  effects of t i F o u n t e d  extermal stores on 
the dmp-in-roll characteristics of a m o d e l  with a sweptback wFng 
(reference 9 )  shared s i m i l m ~  lezge increases in the control  effective- 
ness in r o l l .  

Control D o s i t i o n  f o r  trim.- Cantrol  position f o r  langitudjnal. trim 
in both level and maneuvering f l igh t  as a function of Mach number is  
Bhm in figure -12 f o r  a~ assumed wing loading of 34 pounds per square 
foot and alt i tudes of sea level and 40,000 feet.  1t.appears that tip- 
mounted ex te rna l  stores do not produce any serious changes in control 
position f o r  trim within  the range of f l igh t  conditions cmered in this 
investigation. 

It should be pointed  out that the  cmtrol  posit ians f o r  trim were  
calculated an the basis of the pitch-t coefficiant f i c h  do not 
include a ‘constant  correctian of’ 0,003 as p r e v i m e  menti&. Wluding  
the correction w o u l d  resul t   in  a 6 and appro-tely canstant change 
fn control  pos,ition f o r  trim. 

The m a r g i n a 3 .  longitudinal  stability of the basic model Fn canjunction 
with  the emall changes in the untrFmmed pitching moments produced by the 

I 

I 

I 

I 
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stores result in  relatively emall changes in the  control  settings  for 
trim in spi te  of the increase in the control  effectiveness produced by 
the t i p  stores. 

D i r e c t i m   S t a b i l i t y  

The resul ts  .presented in table 111 indicate that ti ted 
e x t e r n a l  stores  increase slightly the directional e t a b i l E  the   t es t  
model; asd, where ccmrpaa'isons are available, the s t a b i l i z t n g ' i e n c e  
is, in  general, more pronounced on the  plain wing,  that is, with tails 
o f f ,  than on the complete model. - The central   t ip   s tore   fa i red 
with 6s = 10' produced, a t  astatic = Oo, the  only destabilizing 
influence  noted fo r   t i p   s to re s .  

Fuselage+uounted stores  generally a m  slightly destabilizing. '  The 
exceptione whereFn fuselage-mounted stores  increased the directional 
stability of the  basic model occurred for   the  single b l i s t e r  and the 
pylon-mspended (overhead) configurations with the fins of the model 
removed. The stability cmtributiane of these configurations  were,, 
however, mall. . .  

Ekef ective  Dihedral 

With the exception of the pylan-susper~ded,  tipmounted external  

both tip- and f'uselageenounted e x t e r n a l  stores is 8mall. (See table In.) 
The maximum change in Cz$ is  -0.0005 which is equivalerit t o  about bo 
of effective  dihedral. The relation between e the effective 

dihedral angle established in  reference 10 w a s  used Fn t h i s  Wvestiga- 
tion. As might be expected  (reference U) , the pybn-61mpand0d, t ip 
mounted store reduced the effective  dihedral of the basic model by 
about 8' at = 00 and 8.60 a t  %tatic = 6'. 

, store,  the change in the  effective  dihedral   parmter CQ produced by 

% 

An experimental investigation of various external-etore  configma- 
t i o m  on a model of a tailless airplane w i t h  a sweptback w i n g  mer  a 
Mach  nuniber range from 0.40 t o  0.91 indicatee  the following cmclueians: 

1. Tip- or fuselag-nted stores suspended on a swep tq lan  
member that locates the ex te rna l  store away from adjacent p&r t s  of the 

. 

I 
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. .. , 

model reEntlted in the most favorable  conibinatim of &@re& Mach 
number and drag at force break and a l s o  the’  higheet l i f t i t r a g   r a t i o s  
the configurations  investigated. i 

1 3  

of 

2. The largest  effect of the external stores on the aerodgnamic- 
center  location, below force break, was a forward shift of 2.5 percent 
of the mean aerodynamic chord. 

3. Egcept for the pylan”suspended, tiplnounted externa l  store, which . 
produced a change in the  effective dihedral parameter that was approxi- 
mately eque t o  an 8O reduction in dihedral, the  effect of stores C[LL the 
d€rectiona3 and the l a te ra l   s tab i l i ty  of the t e s t  model was small. 

4.  he effectiveness of the &van control m a  increased  consider- 
, . ably by the  addition of a t ip   s tore   central ly  mounted on the d g .  

Langley Aeronautical  Laboratory 
National Advisory Connnittee f o r  Aeronautics 

Langley A i r  Force Base, Va. 

I 

I 

I 
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.TABULATED DATA 
Win9 

Are a 5.174 q. ft. 
Aspect rot io 3 .a4 
Mean geometric chord ' L 0 4 6 f t .  
Incidence 0' 
Dihedra l  0" 
Airfoil fperpendicular t o  a25c) Symtrioo/ 

Max. thichnsss . a12 c 
Location o f  mex. thichness Q40G 

Area (two) 0.82 34 ft. 
Aspect ratio 1.76 

CG. loco tion 0.17 mgc 

Vertical  tail 
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FigWe 4.- -photograph of the t e e t  madel with tlae f o r n d  tip-mounted and pylon fuselage-mountad 
external-etore configuration  mounted  in  the Langley. high-aped 7- by 10-foot tunnel. 

0 

P 
F 



. 



. .  . . . .  

I < 

0' 

- . .  . .  .. . . .  .. . .  - 



f 

! 

. .  

c 



- . .  . .  . - . .  . . .. - 



- 
sihgle blister 

A-A 

Sectim A-A 

T 
(b) Fuse&e-mumM sbres. 

i 

I 



5X/O* 

4 

3 

2 

I 

0 
4 .5 .6 . .7 1 .  8 .9 ID 

Much number, M - 
Figure 6.- Vuriation of Reynolds number with MaGh number h?r 

the test model. 
* 



__.- 

a P 
d B  

* 0 4  

B e  -4 

0 

0 

0 

0 

0 

0 

0 

0 

d O J . 2 . 3 4 - 5 6  
Lift  coefficient,G 

R 



. .  . " 

I 

. . .  

I 
I 

i. , . :. 

. .  . . .  . 



w 
0 



. . . . . . . . , 

I 

Llft a r f f m l t ,  C' 

lQ Concluded. 

. .  . . .  - 

. .. 

I 
I , *  

I 



off - 
forward 0" 
pylon-suspended 0" 
central IO" 
central (faked) IO" 

""""" 

"- 
-"" 
"" 

12 

8 '  

+D 
4 

0 
0 .I .2 .3 4 .5 

L i f t  coefficient,C, 

12 

0 
0 J .2 .3 4 .5 

L i f t  coefficient, GL 

12 

8 
' 9 D  

4 

0 
0 .I , .2 :3 4 .5 

L i f t  coefficient,CL 

12 

8 

%!D 
.4 

0 
0 .I .2 -3 4 .5 
L i f t  coefficient, C, 

Figures. - Voriuf/bn of the lift- drag ratio with lift coefficient of the test m&l with externaf stores. 
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4-b Symbol Store configurafion 
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Figure 9. - Effecf of Mach number on the aerodynamic  choracferistks in pifch of 
fhe  fest model with external  stores. 
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Figure 10. - Effect of  control  deflection on the aerodynamic  choracteristlcs in pitch of the fest model with fwo wing-tip-mounted  external-store confiprotions. 
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